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SIMULATION OF GEMINI-AGENA DOCKING 
J 

By Byron M. Jaquet* and Donald R.  Riley* 

NASA Langley Research Center 
Langley Stat ion,  Hampton, Va .  

INTRODUCTION 

Ful l -scale  simulations of t h e  docking phase of Pro jec t  Gemini have been 
under inves t iga t ion  a t  t h e  Langley Research Center f o r  the pas t  year ( r e f s .  1 
and 2 ) .  
time, t h e  present paper w i l l  only review information concerning Gemini-Agena 
docking. 

Since only a small port ion of t h e  d a t a  can be presented i n  a short  

The da ta  presented here in  are introduced i n  two separate p a r t s .  
p a r t  i s  concerned with r e s u l t s  from a general study i n  which a p a i r  of f inger -  
t i p  con t ro l l e r s  were used. These cont ro l le rs ,  one f o r  a t t i t u d e  and one f o r  
t r ans l a t ion ,  were not Gemini prototypes. The primary purpose of t h i s  study was 
t o  obtain information concerning f u e l  and t i m e  required f o r  docking with t h e  
primary rate command and t h e  backup d i r e c t  a t t i t u d e  control  modes. 

The f i rs t  

The second p a r t  of t h i s  presentat ion i s  concerned with t h e  evaluation, f o r  
t h e  docking phase, of t h e  two bas ic  a t t i t u d e  cont ro l  modes and prototypes of 
ac tua l  Gemini hand con t ro l l e r s .  

The da ta  presented herein were obtained with the Langley v i s u a l  docking 
simulator.  
v i s ion  t o  provide f i l l - s c a l e  images of t h e  t a r g e t  vehicle .  The simulator w i l l  
be discussed shor t ly .  

This i s  a fixed-base type device which employs closed-circui t  t e l e -  

DOCKING PHASE OF PROJECT GEMTNI: 

Since the mission p r o f i l e  and the  purpose of Pro jec t  Gemini have been w e l l  
documented, they  w i l l  not be reviewed again. Following rendezvous, t h e  a s t ro -  
nauts  w i l l  begin t h e  docking maneuvers i n  order t o  achieve contact between the  
two vehic les .  
be made within c e r t a i n  ve loc i ty  and displacement to le rances .  During t h e  docking 
phase, maneuvering and alinement cues can be obtained from out-of-the-window 
observations of t h e  t a r g e t  vehicle .  It i s  i n  th i s  range that simulation s tudies  
of docking have been conducted a t  Langley. 
c l e s  nearing completion of t he  docking phase j u s t  p r i o r  t o  contact .  

Design considerations of the two vehic les  require  t h a t  contact 

Figure 1 i l l u s t r a t e s  t he  two vehi- 

~~~~ * Aerospace Engineers. 
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C .- 
DESCRIPTION OF VEHICLES AND SIMULATOR 

Y 

Gemini 

A brief descr ipt ion of t h e  Gemini and Agena vehicles  i s  per t inent  before 
proceeding t o  t h e  simulation results. 
reent ry  vehicle and a maneuvering u n i t  ( f i g .  1). 
8 a t t i t u d e  control  engines and 8 t r ans l a t ion  engines, a l l  of which use hyper- 
g o l i c  fue ls .  All engines are located behind t h e  spacecraft  center  of gravity.  
Because of this rearward engine locat ion,  coupling occurs between v e r t i c a l  and 
la teral  t ranslat ion-control  inputs  and t h e  p i t c h  and y a w  spacecraft  motions. 
The p i t c h  and yaw control  inputs  s imi la r ly  produce v e r t i c a l  and la teral  
t r ans l a t ions .  

The Gemini spacecraft  cons is t s  of t h e  
The maneuvering u n i t  contains 

Two basic  a t t i t u d e  control  modes a r e  ava i lab le  i n  t h e  spacecraft  f o r  
docking. 
body axis i s  proportional t o  con t ro l l e r  def lect ion.  The presence of r a t e  feed- 
back i n  the system e f fec t ive ly  el iminates  the  coupling of t h e  t r ans l a t ion -  
cont ro l  inputs  i n t o  the  angular motions. The bas i c  backup mode i s  a d i r e c t  on- 
of f  accelerat ion command system. 
manually, t h e  correct ions necessary t o  account f o r  t he  coupling e f f e c t s .  With 
e i t h e r  a t t i t u d e  mode spacecraft  t r ans l a t ions  a r e  provided by an on-off acceler-  
a t i o n  command system. Two three-axis  hand con t ro l l e r s  are used t o  ac tua te  t h e  
t r ans l a t ion  and a t t i t u d e  engines. These w i l l  be discussed subsequently. 

The primary mode i s  r a t e  command with which angular rate about each 

With t h i s  mode the  astronaut  must provide, 

Agena 

The Agena t a r g e t  vehicle  ( f i g .  1) has a ?-foot-diameter, shock-mounted, 
docking r ing on the  f ron t  which serves t o  channel t he  Gemini nose t o  the  
coupling mechanism. 
on t h e  Gemini nose provide r o l l  posi t ioning.  

The V-shaped s l o t  i n  t h e  docking r i n g  and t h e  indexing ba r  

Visual Docking Simulator 

The v isua l  docking simulator i s  of t h e  fixed-base type and simulates lon- 
g i tud ina l  dis tances  up t o  300 feet  and v e r t i c a l  and lateral  d is tances  up t o  
100 feet. 

An a r t i s t ' s  sketch of t h e  v i s u a l  docking simulator i s  shown i n  f i g u r e  2. 

Included i n  
The simulator cons is t s  of analog-computer equipment combined with a WAF F-151 
gunnery t r a i n e r  which has been adapted f o r  t h e  study of docking. 
t h e  gunnery t r a i n e r  was a closed-circui t  t e l ev i s ion  system. Complete six-degree- 
of-freedom motion i s  obtained from th ree  angular degrees of freedom of a small- 
sca le  model of t h e  Agena, t r ans l a t ion  of t h e  model i n  f ron t  of t h e  TV pickup 
camera, and the  azimuth and elevat ion motion of a two-axis mirror located above 
t h e  p i l o t ' s  head. A 20-foot-diameter spher ica l  project ion screen encloses a 
f u l l - s i z e  wooden mockup of t h e  Gemini spacecraf t .  Computer equipment associated 
with t h e  gunnery t r a i n e r  determines t h e  pos i t i on  of t h e  model on t h e  range bed, 
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t h e  proper aspect of t h e  model, and t h e  proper azimuth and elevat ion angles of 
f t h e  mirror .  The analog computer solves the  six-degree-of-freedom equations of 

r e l a t i v e  motion. 

RESULTS AND DISCUSSION 

General Study of Docking 

This simulator has been used t o  study the general  aspects  of docking using 
t h e  f i n g e r t i p  con t ro l l e r s  shown i n  f igure  3 .  The t r ans l a t ion  con t ro l l e r  i s  a 
simple on-off device with which t h e  p i l o t  maneuvers fore  and a f t ,  up and down, 
and l e f t  and right with corresponding motions of t h e  handle. 
t r o l l e r  provides r o l l  ( t w i s t ) ,  yaw ( r igh t  and l e f t ) ,  and p i t c h  (up and down) 
motions by corresponding def lec t ions .  
on a centr i fuge with a p i l o t  wearing a pressure s u i t .  The instruments shown on 
t h e  panel are used pr imari ly  f o r  check-out and p i l o t  fami l ia r iza t ion .  

The a t t i t u d e  con- 

This cont ro l le r  has had extensive t e s t s  

A summary of some r e s u l t s  of docking from about 300 f e e t  up t o  contact 
using t h e  finger-type cont ro l le rs  described previously w i l l  now be presented. 
The da ta  were obtained with Langley research p i l o t s  and engineers a s  t h e  simu- 
l a t o r  p i l o t s .  Maneuvering cues were obtained only from t h e  out-of-the-window 
display.  
d i r e c t  a t t i t u d e  control  modes. 

The p i l o t s  made t h e  docking runs using e i t h e r  t he  rate command o r  the 

Figure 4 presents  boundaries of f u e l  and f l ight  t i m e  f o r  t h e  four  p a r t i c i -  
pants.  
60 percent and 85 percent of t he  t o t a l  number of docking runs. 
from both the  60-percent and 83-percent data  boundaries t h a t  more t i m e  i s  
required t o  complete docking when t h e  d i r e c t  mode i s  used than when the  primary 
rate command mode i s  used. This probably r e s u l t s  from t h e  more d i f f i c u l t  
p i l o t i n g  t a s k  associated with the  d i r e c t  mode. 
i nd ica t e  t h a t  a p i l o t  a t  peak prof ic iency could probably dock using less f u e l  
with t h e  d i r e c t  mode although he would take longer.  
p l e t e  docking has not been specified t h e  difference i n  t i m e  between t h e  two 
modes i s  probably of l i t t l e  consequence. 

These boundaries represent t h e  f u e l  and f l i g h t  t i m e  f o r  t h e  lowest 
It i s  apparent 

The 60-percent da ta  boundaries 

Since a given time t o  com- 

Design considerations of t h e  two vehicles require  t h a t  docking be accom- 
pl ished within c e r t a i n  to le rances  of veloci ty ,  pos i t ion ,  and angular alinement. 
Simulation s tudies  at Langley have indicated t h a t  a well-trained p i l o t  can sue- 
ces s fu l ly  dock within t h e  specif ied tolerances using the  rate command mode. To 
achieve the same degree of prof ic iency with t h e  d i r e c t  mode requi res  more 
t r a in ing .  

' 

P i l o t  Opinion Ratings 

The a t t i t u d e  cont ro l  modes and prototypes of a c t u a l  Gemini hand cont ro l le rs  
( f i g .  5 )  were evaluated during simulated docking runs. 
designed so that  an astronaut  i n  a pressure su i t  could operate each with hand 

These con t ro l l e r s  were 
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motions. 
t i ons .  This r a t i n g  sca le  w a s  developed by Cooper a t  t he  Ames Research Center Y 

fo r  p i l o t s  t o  r a t e  a i rplane handling q u a l i t i e s .  It has been employed for t h e  
evaluation of t he  Gemini a t t i t u d e  modes and hand cont ro l le rs .  Figure 7 presents  
t he  ra t ings  f o r  the  two bas ic  a t t i t u d e  modes ava i lab le  f o r  docking. The primary 
r a t e  command mode w a s  ra ted,  on the  average, wel l  within t h e  sa t i s f ac to ry  region 
whereas the backup d i r e c t  mode w a s  r a t ed  j u s t  bare ly  sa t i s f ac to ry .  

Figure 6 presents  t he  p i l o t  opinion r a t ing  sca le  used i n  t h e  evalua- 

Figure 8 presents  t h e  p i l o t  opinion r a t ings  f o r  t h e  hand con t ro l l e r s .  The 
The t ransla-  r e s u l t s  are  from two programs involving two groups of as t ronauts .  

t i o n  cont ro l le r  had not been previously used i n  simulation s tudies .  The r a t ings  
f o r  t h i s  con t ro l l e r  were predominately i n  the  unsa t i s fac tory  region. The objec- 
t ionable  fea tures  were uneven forces  about each axis, looseness i n  the  mecha- 
nism, and some binding when def lected.  These f a c t o r s  made it d i f f i c u l t  t o  apply 
desired inputs.  A s  a r e s u l t  of these s tud ies  t h e  cont ro l le r  has been redesigned 
and has  since been r e b u i l t .  

The a t t i t u d e  cont ro l le r ,  used i n  previous simulation s tudies ,  w a s  ra ted  
e n t i r e l y  i n  t h e  sa t i s f ac to ry  region. 

CONCLUDING RENARKS 

I n  summary, Project  Mercury has demonstrated t h a t  simulators provide a 
r e a l i s t i c  environment t o  evaluate con t ro l l e r s  and cont ro l  systems of space 
vehicles .  With t h i s  i n  mind, t h e  present r e s u l t s  of fu l l - s ca l e  Gemini-Agena 
docking s tudies  indicated t h a t  successful docking can be accomplished consis- 
t e n t l y  with e i t h e r  t he  primary r a t e  command mode or backup d i r e c t  mode. The 
use of navigational instruments i s  not mandatory since an  out-of-the-window view 
of t h e  Agena t a r g e t  vehicle supplies a l l  of t h e  necessary information t o  perform 
t h e  docking t a sk .  Successful docking with the  d i r e c t  command mode i s  more d i f -  
f i c u l t  than with t h e  rate command mode and requires  a higher degree of p i l o t  
proficiency. 
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